Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is a distinct Hodgkin lymphoma subtype composed of few neoplastic lymphocyte-predominant (LP) cells in a background of reactive small B and T cells. We have seen occasional NLPHL cases that contain background T cells with prominent cytologic atypia, raising the differential diagnosis of peripheral T-cell lymphoma not otherwise specified (PTCL-NOS) or a composite lymphoma. We sought to characterize the clinicopathologic features of such cases. Eleven NLPHL cases with atypical T cells diagnosed from 1977 to 2010 were identified at 2 institutions and compared with 24 control NLPHL cases lacking atypical T cells. All 9 male patients and 2 female patients presented with localized peripheral lymphadenopathy. In comparison with control patients, they were younger (median age, 13.8 vs. 36.1 y; P = 0.015), with more frequent cervical lymph node involvement (54.5% vs. 8.3%, P = 0.015). In all 11 cases, areas of NLPHL with typical B-cell-rich nodules containing LP cells were present. Nine cases contained sheets of atypical T cells surrounding primary and secondary follicles in a pattern mimicking the T-zone pattern of PTCL-NOS; the remaining 2 cases contained atypical T cells presented as large clusters at the periphery of B-cell-rich nodules. In all cases, the atypical T-cellrich areas contained rare scattered LP cells, which were IgD + in 5 of 7 cases (71.4%). The atypical T cells showed no pan-T-cell antigen loss or aberrant T-cell antigen expression in any case, and polymerase chain reaction or Southern blot analysis showed no evidence of T-cell clonality in 6 cases tested. The atypical T cells exhibited a variable immunophenotype with respect to germinal center, follicular T-helper, T-regulatory, and cytotoxic T-cell markers. Among 8 patients with clinical follow-up (median follow-up: 6.4 y), 5 patients had recurrent NLPHL at 6 months to 12 years after diagnosis and 6 patients are alive without disease at 9 months to 18 years after diagnosis. In comparison with control patients, NLPHL patients with atypical T cells were more likely to develop recurrent NLPHL (71.4% vs. 13.6%, P = 0.008) and to have a shorter time to relapse (P = 0.04). Our findings suggest that some cases of NLPHL, occurring predominantly in younger patients, contain prominent populations of morphologically atypical T cells that may raise the possibility of concurrent nodal involvement by PTCL-NOS, a rare diagnosis in children. The clinical behavior of these cases appears similar to that of NLPHL with T-cell-rich diffuse areas, with a higher risk of disease recurrence and no difference in overall survival; however, this finding warrants confirmation in studies of larger numbers of patients.
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Key Words: nodular lymphocyte-predominant Hodgkin lymphoma, LP cells, atypical T cells, peripheral T-cell lymphoma, IgD (Am J Surg Pathol 2011; 35:1666-1678) N odular lymphocyte-predominant Hodgkin lymphoma (NLPHL) accounts for approximately 5% of cases of Hodgkin lymphoma. 29, 38, 42 It commonly presents with localized peripheral lymphadenopathy and generally follows an indolent clinical course with frequent late relapses. 29 The tumor is composed of few neoplastic lymphocyte-predominant (LP) Reed-Sternberg cell variants, also known as "popcorn" cells, in a background of non-neoplastic small lymphocytes, histiocytes, and follicular dendritic cells, indicating a relationship to B-cell follicles. 12, 29, 45 Unlike the Reed-Sternberg cells in classical Hodgkin lymphoma, LP cells in NLPHL are positive for CD20, CD45, and bcl-6, usually negative for CD30, and negative for CD15. 29 They retain the B-cell program, with positivity for CD79a, PAX5 (BSAP), OCT2, and BOB.1 and express monoclonal immunoglobulin heavy and light chains and activationinduced cytidine deaminase. 9, 16, 23, 29, 41 Several immunoarchitectural patterns of nodal involvement have been described in which the proportions and patterns of neoplastic LP cells in relation to non-neoplastic cells vary. 12 Typically, NLPHL exhibits a B-cell-rich nodular or follicular growth pattern, in which LP cells reside within expanded nodules of small B cells encompassed by follicular dendritic cell meshworks. 12 Nodules contain increased numbers of follicular T-helper cells (CD4 + , CD57 + , PD-1 + ) that often form rosettes around LP cells, whereas interfollicular areas contain reactive T cells lacking significant CD57 or PD-1 expression. 3, 8, 12, 24, 26, 45 Occasional cases may contain prominent extrafollicular LP cells in a T-cell-rich background, and most NLPHL with IgD + LP cells exhibit this growth pattern. 12, 30 Less commonly, NLPHL contains T-cell-rich nodular or diffuse areas resembling T-cell/ histiocyte-rich large B-cell lymphoma. 7, 12 The T-cell-rich diffuse pattern is associated with a higher rate of disease recurrence, but there is no difference in overall survival. 4, 12 In all of the morphologic variants described and in IgD + NLPHL, the predominant background T lymphocytes are small, lack morphologic atypia, and are considered to represent a non-neoplastic reactive cell population. 12, 30 We and others have reported that CD4 + , CD8dim + T cells are commonly detected by flow cytometry in NLPHL; however, these cells presumably represent an activated or reactive T-cell population, as similar populations have been described in progressive transformation of germinal centers and in peripheral blood in the setting of current or recent viral infection; such cases also lack morphologically atypical T cells. 25, 27, [32] [33] We have seen occasional cases of NLPHL that contain background T cells with prominent cytomorphologic atypia. 18 In some of these cases, the cytology and growth pattern of the atypical T cells raised the possibility of concurrent nodal involvement by a peripheral T-cell lymphoma, particularly as some T-cell lymphomas may also contain scattered large atypical B cells. 12, 18, 19, 31, 34, 48 In this study, we sought to characterize the morphologic and clinical features of these rare cases of NLPHL, to characterize the nature of atypical T cells by immunohistochemistry, flow cytometry, and molecular genetic analysis, and to compare the clinical features of such cases with conventional NLPHL lacking morphologically atypical T cells.
MATERIALS AND METHODS

Selection of Cases and Controls
Computer-assisted searches of the pathology files and hematopathology consultation files of 2 institutions [the Massachusetts General Hospital (MGH) and the National Cancer Institute (NCI) of the National Institutes of Health] were made for cases of NLPHL diagnosed between 1977 and 2010. The Institutional Review Boards of Partners HealthCare and the NCI approved the study before its initiation. Eleven cases were identified in which atypical T cells were reported: 2 cases originated from the MGH, one of which had been reported previously, 18 and the other 9 cases originated from the consultation files of the authors of the study (E.S.J., J.A.F., N.L.H.). None of the cases originating from the NCI had been included in a previous study of IgD + NLPHL by Prakash et al. 30 Pathology reports, hematoxylin and eosin-stained and immunohistochemical-stained slides, and reports of flow cytometry and molecular genetic analysis performed at the time of diagnosis were retrieved and reviewed by at least 3 of the authors. Cases were evaluated for immunoarchitectural patterns of NLPHL involvement as described by Fan et al. 12 Clinical information was obtained from medical records or from referring physicians. Information about age, sex, clinical presentation, and site(s) of involvement was available in all cases. Information regarding stage, treatment and clinical outcome, including time to first NLPHL relapse (defined as time from the date of diagnostic biopsy to the date of biopsy showing relapsed NLPHL) and overall survival (defined as time from the date of diagnostic biopsy to the date of death or last follow-up) was retrieved when available. As a control group, 24 consecutive cases of NLPHL lacking morphologically atypical T cells diagnosed at the MGH from 1998 to 2009 were identified. Information about age at earliest diagnosis, sex, clinical presentation, site(s) of involvement, relapse of NLPHL if any, and overall survival was collected for the control cases.
Immunohistochemical Studies
Formalin, B-plus or B5-fixed, paraffin-embedded tissue of 7 NLPHL cases with atypical T cells was available for additional immunohistochemistry to characterize the T cells for expression of germinal center, follicular T-helper, T-regulatory, Th1-related, and cytotoxic T-cell markers and to characterize LP cells for expression of various antigens, including IgD. Stains for IgD and Ki67 were performed on a subset of the control NLPHL cases for the purpose of comparing staining patterns of these antigens between the 2 groups. Two-micron-thick tissue sections were prepared, deparaffinized, and rehydrated according to standard laboratory protocols. Immunohistochemistry was performed using an avidin-biotin peroxidase complex with a peroxidase-labeled detection system on a Benchmark XT automated immunostainer (Ventana Medical Systems, Tucson, AZ) using validated staining protocols. A combination of ethylenediaminetetraacetic acid and boric acid in Tris buffer (CC1 reagent, Ventana) was used for antigen retrieval before primary antibody incubation. Antibodies, the type of antigen represented, manufacturers, and dilutions are listed in Table 1 . Areas of atypical T cells were assessed for the proportion of cells expressing various antigens as follows: rare, <10% of cells; occasional, 10% to 30% of cells; many, 30% to 50% of cells; and most, >50% of cells.
Molecular Genetic Studies
In situ hybridization for Epstein-Barr virus-encoded ribonucleic acid (INFORM EBER PROBE, Ventana) was performed in 8 cases using an HX Automatic System Benchmark (Ventana) according to the manufacturer's instructions. Signals were detected using the Alkaline Phosphatase Enhanced Detection Kit (Ventana). In 6 cases, DNA was isolated from paraffin-embedded tissue using xylene, followed by 100% ethanol rinse; deparaffinized tissue was then processed with QIAGEN QIAamp DNA micro Kits (QIAGEN, Valencia, CA). T-cell clonality assays were performed using polymerase chain reaction (PCR) according to the manufacturer's instructions with reagents purchased from InVivoScribe Technologies LLC, San Diego, CA (TCRg Gene Clonality Assay for ABI Fluorescence Detection). The kits used the primer sequences published by BIOMED-2 46 and had all the necessary reagents except for sample DNA and Taq polymerase (AmpliTAQ Gold, Applied Biosystems, Foster City, CA). PCR products were analyzed by capillary gel electrophoresis (Applied Biosystems 3100xl). In 4 cases, Southern blot analysis was performed on DNA extracted from frozen tissue using 32 P-labeled probes to the T-cell receptor (TCR) b (cases 5, 9, 10, and 11) and g (cases 9 and 11) constant regions (Dako, Carpinteria, CA).
Statistical Analysis
Statistical analysis was performed using Prism 5 and GraphPad QuickCalcs (GraphPad Software Inc., La Jolla, CA). The 2-tailed Fisher exact test was used to compare categorical variables between cases and controls, and the Student unpaired t test was used to compare continuous variables between the 2 groups. Analysis of time to first relapse of NLPHL and overall survival was performed using the method of Kaplan and Meier, and the stratified log-rank test was used to assess differences between the 2 groups. P values < 0.05 were considered statistically significant.
RESULTS
Clinical Data
Clinical features are summarized in Table 2 . The 11 patients included 9 male and 2 female patients with a median age of 13.8 years (range, 6 to 66 y). All presented with localized peripheral lymphadenopathy, and staging information available for 6 patients confirmed Ann Arbor stage I or II disease. 15 Further follow-up information was available for 8 patients (median follow-up: 6.4 y). Five patients relapsed with NLPHL: 3 relapsed within 5 years of diagnosis (patients 2, 5, and 9), and 2 relapsed after 5 years (patients 10 and 11). The right cervical lymph node biopsy from patient 2 was diagnosed initially as an atypical lymphoid infiltrate, and he received no treatment. He had recurrent lymphadenopathy at 20 months involving the same area in the right side of the neck; a biopsy showed NLPHL with focal areas containing atypical T cells. A rereview of his previous lymph node biopsy revealed a focal area of NLPHL. No further follow-up information is available. Patient 5 had recurrent NLPHL at 6 months while undergoing chemotherapy (regimen not known) and lowdose radiation therapy; he is alive and in remission 18 years after his original diagnosis. Patient 9 relapsed with NLPHL at 7 months after completion of 4 cycles of vincristine, adriamycin, and methylprednisolone. He was subsequently retreated with 2 cycles of a modified BEACOPP regimen with adriamycin omitted because of his previous therapy (bleomycin, etoposide, cyclophosphamide, vincristine, procarbazine, and prednisone) and low-dose involved-field radiation therapy. He is alive and in remission 6 years after his original diagnosis. Patient 10 declined therapy for her initial tumor and relapsed at 6 years with NLPHL, at which time she again declined therapy; no further follow-up information is known. Patient 11 relapsed at the same lymph node site 12 years after diagnosis and was treated with 6 cycles of adriamycin, bleomycin, vinblastine, and dacarbazine. She experienced a second nodal relapse at a different site 2 years later, at which time a bone marrow biopsy demonstrated involvement by NLPHL and an atypical T-cell infiltrate. She underwent an allogeneic bone marrow transplant for refractory disease 16 years after her original diagnosis and achieved a sustained remission. However, she died of complications related to a cerebrovascular accident 22 years after diagnosis. The remaining 3 patients had no known NLPHL recurrences and are alive and well: patient 1 was treated with radiation alone and is alive without evidence of disease 8 years after diagnosis; treatment was not known in patient 3, but he is alive and in remission 6.6 years after diagnosis; patient 8 was treated with 3 cycles of cyclophosphamide, doxorubicin, vincristine, and prednisone and is in remission 9 months after diagnosis. Table 3 compares the clinical features of NLPHL patients with and without morphologically atypical T cells. Both groups showed a similar male predominance. In comparison with control patients, patients with morphologically atypical T cells presented at a younger median age (13.8 vs. 36.1 y, P = 0.015) and had more frequent cervical lymph node involvement (54.5% vs. 8.3% of cases, P = 0.015). The age difference between the 2 groups was more striking when the analysis was restricted to male patients (12.2 vs. 35.2 y, P = 0.002). Patients with morphologically atypical T cells were more likely to develop recurrent NLPHL [5 of 7 (71.4%) vs. 3 of 22 (13.6%) patients with available follow-up information, P = 0.008] and had a shorter time to relapse compared with patients without atypical T cells (P = 0.04) ( Fig. 1) . No patient in either group had a recurrence of any other type of lymphoma. As described above, 1 patient (patient 11) in the atypical T-cell group died. Two patients in the group lacking atypical T cells died: one due to progressive NLPHL and the other due to acute graft-versus-host disease after an allogeneic stem cell transplant. There was no difference in overall survival between the 2 groups (data not shown).
Morphology
The overall morphologic findings are summarized in Table 2 . The atypical interfollicular and parafollicular T cells exhibited a morphologic spectrum across cases; however, they were enlarged (larger than small B cells within primary follicles or mantle zones) in 10 cases, had moderately abundant pale or eosinophilic cytoplasm in 8 cases, highly irregular nuclear contours in 7 cases, dispersed chromatin in 5 cases, vesicular chromatin in 3 cases, and prominent nucleoli in 4 cases (Fig. 2) . Mitotic figures were visibly increased (2 to 10 per high-power field) in 9 cases (Fig. 2) . Scattered apoptotic cells were seen in 1 case; however, no case contained areas of geographic necrosis. In all 11 cases, rare large cells with irregular, multilobated nuclei, pale chromatin, and prominent nucleoli, consistent with LP cells, were identified within the atypical T-cell-rich areas ( Fig. 2A-C and Fig. 4B ).
In all cases, areas of NLPHL with typical B-cell-rich nodules were present at least focally (Figs. 3A, B ). In 6 cases, conspicuous bands of fibrosis partially or completely surrounded the expanded B-cell-rich nodules (Fig. 3B , F), whereas in 1 case (case 4) there was fine compartmentalizing fibrosis in the diffuse T-cell-rich areas (Fig. 2D ). Additional immunoarchitectural patterns as described by Fan et al 12 were present as follows: T-cell-rich nodular and T-cell-rich diffuse in each of 4 cases and nodular with prominent extrafollicular LP cells in 1 case.
In 9 cases (cases 1 to 9, all male patients), atypical T cells effaced the nodal architecture and formed prominent interfollicular sheets surrounding primary and secondary reactive follicles in a pattern mimicking the T-zone pattern of peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS); expanded B-cell-rich nodules were not present in these areas (Fig. 3C, D and Fig. 4A ). 10, 43 In case 2, this interfollicular growth pattern predominated on the initial biopsy, and the diagnosis of NLPHL was made retrospectively when recurrent lymphadenopathy developed 2 years later, with involvement by NLPHL containing a predominance of B-cell-rich nodules. In case 5, areas containing atypical T cells comprised a greater proportion of the biopsied tissue at relapse. In case 9, the biopsy taken at the time of relapse showed atypical T cells to have a vaguely nodular to diffuse growth pattern lacking primary and secondary follicles.
In 2 cases (cases 10 and 11, both female patients), atypical T cells formed large clusters or aggregates at the periphery of and in between expanded B-cell-rich nodules (Fig. 3E, F) . At relapse, NLPHL in patient 10 contained only B-cell-rich nodules and lacked any atypical T cells. From patient 11, only lymph node biopsies from the relapses at 12 and 14 years after her original diagnosis were available for review. The later biopsy demonstrated coalescence of the atypical T-cell aggregates with effacement of the nodal architecture and replacement of the NLPHL pattern in some areas, raising the possibility of concurrent nodal involvement by PTCL-NOS. 18 Immunophenotype Results of immunohistochemical stains are summarized in Table 4 . Nine cases contained CD20 + , CD15 À , and CD30 À LP cells within areas of typical NLPHL; LP cells showed weak coexpression of CD30 À in 2 cases. 40 The LP cells within T-cell-rich areas expressed the same immunophenotype (Fig. 4D) . The LP cells were positive for IgD in 5 of 7 cases tested (71.4%) (Fig. 4E ). Among 13 control cases stained for IgD, 3 (23.1%) were IgD + , a difference that did not reach statistical significance (P = 0.06).
Ki67 staining performed in 8 cases showed the T-cell-rich areas to have a moderately elevated proliferation index, with positivity ranging from 20% to 50% of all cells (median, 35%) ( Fig. 4F ). This was significantly higher than the median proliferation index of 10% (range, 5% to 15%) encountered in T-cell-rich nodular and diffuse areas of 5 control cases that were stained with Ki67 for comparison (P = 0.0003). No case showed any pan-T-cell antigen loss. The atypical T cells exhibited variable CD4:CD8 and CD45RA:CD45RO ratios among cases and a variable immunophenotype with respect to germinal center (CD10, bcl-6), follicular T-helper (CD57, PD-1), T-regulatory (CD25, FOXP3), cytotoxic (granzyme B, perforin), and Th1-related (T-bet) T-cell markers, with only rare-to-occasional T-cell staining positively for these antigens in most cases. However, in 2 cases (cases 2 and 3), many T cells were CD25 + and T-bet + , and in 2 cases (cases 8 and 9), many T cells were bcl-6 + ; one of the latter cases (case 8) also had many PD-1 + cells. Flow cytometry performed in 3 cases (cases 8, 9, and 10) showed polytypic B cells and no evidence of CD4/ CD8 coexpressing cells.
Molecular Genetic Analysis
Results of molecular genetic studies are summarized in Table 5 . In situ hybridization for Epstein-Barr virusencoded ribonucleic acid was negative in both the LP cells and the atypical T cells of all 8 cases tested. TCR gene rearrangement studies were performed by Southern blot or PCR in 9 cases. All 6 cases with sufficient material for analysis showed no evidence of a clonal T-cell population. In the remaining 3 cases, PCR for the TCRg gene showed no detectable amplification, which may have been related to the age of the paraffin-embedded tissue samples and type of fixative used.
DISCUSSION
We present clinical and pathologic features of a rare morphologic variant of NLPHL characterized by prominent populations of atypical T cells that may mimic PTCL-NOS. Unlike other previously described T-cell-rich variants of NLPHL, the background non-neoplastic T cells in the cases in this series have conspicuous cytomorphologic atypia: enlarged and irregular nuclei, dispersed or vesicular chromatin, frequent mitoses, increased proliferative activity, and/or prominent nucleoli (Fig. 2) . The interfollicular growth pattern characterizing most cases, in which LP cells and associated atypical T cells surround primary and secondary reactive follicles, has not been described previously in NLPHL to our knowledge. Although reactive germinal centers may be present in lymph nodes involved by NLPHL, they are typically present only focally, usually at the periphery of the involved node; it is unusual to see intact primary and secondary follicles completely surrounded by lymphomatous growth. 12, 17 From 1998 to 2009, 25 cases of NLPHL were diagnosed in patients presenting at the MGH, of which a single case contained atypical T cells (case 9 in this series). Therefore, we estimate the incidence of T-cell atypia to occur in approximately 4% of NLPHL cases.
Patients with NLPHL containing atypical T cells share certain clinical characteristics, including a younger age at onset (particularly in male patients) and more frequent cervical lymph node involvement, when compared with NLPHL cases lacking atypical T cells. Similar clinical features have been described in IgD + NLPHL, and LP cells were IgD + in the majority of cases in this series, raising the possibility of a relationship between these cases and IgD + NLPHL. 30 However, significant T-cell atypia was not observed in the previously studied series of cases of IgD + NLPHL (S. Pittaluga, personal communication). Moreover, IgD positivity was detected with relative frequency (3 of 13, 23.1%) in control cases lacking T-cell atypia, at a level similar to that seen in the larger series by Prakash et al. 30 Given that cases of IgD + NLPHL have a tendency to be rich in background T cells, 30 the high rate of IgD expression in our cases may reflect their prominent T-cell-rich background. Finally, NLPHL patients with morphologically atypical T cells were more likely to develop recurrent NLPHL and had a shorter time to relapse but similar overall survival, compared with patients lacking atypical T cells. A similar higher rate of relapse has been noted in NLPHL with T-cell-rich diffuse areas. 4, 12 Awareness of this unusual variant of NLPHL is important because the pattern of infiltration, cytology, and moderately elevated proliferation index of the background T cells may raise the possibility of PTCL-NOS. Rare cases of composite NLPHL and PTCL-NOS have been reported. 2, 11 In all such cases, the neoplastic T-cell component exhibited morphologic or immunophenotypic features that were strongly suggestive of malignancy (such as diffuse infiltration by large, malignant-appearing cells, necrosis, pan-T-cell antigen loss, and/or a markedly elevated Ki67 proliferation index), and a clonal T-cell population was confirmed by molecular genetic analysis. 2, 11 All patients were adults and the majority presented with advanced-stage disease and/or had progressive disease despite receiving combination chemotherapy. 2, 11 In contrast, the atypical T cells in our NLPHL cases lack evidence of pan-T-cell antigen loss or T-cell clonality by gene rearrangement studies, supporting them to be nonneoplastic in nature, albeit morphologically atypical. In addition, although only limited clinical follow-up was available in our patients, all presented with localized lymphadenopathy, a clinical presentation more in keeping with NLPHL and distinct from the usually advanced clinical presentation of PTCL-NOS. 13, 20, 35, 36, 47 The distinction between NLPHL with atypical T cells versus a composite lymphoma is clinically relevant because PTCL-NOS is generally aggressive with a poor prognosis and requires a different therapeutic approach from NLPHL. 6, 13, 20, 28, 29, 35, 36, 47 Indeed, patient 2 was initially suspected to have PTCL-NOS; however, given his young age and the absence of an aberrant T-cell immunophenotype or T-cell clonality by gene rearrangement studies, a definitive diagnosis of lymphoma was not rendered. Twenty months later, NLPHL developed in the same nodal site, and a retrospective review of his initial lymph node biopsy confirmed the presence of NLPHL with a predominant T-cell-rich interfollicular growth pattern and a focal B-cell-rich follicular growth pattern. In this case, awareness of this unusual pattern of NLPHL could have suggested the correct diagnosis at the time of initial biopsy. Patient 11 was suspected to have a diagnosis of composite NLPHL and PTCL-NOS, particularly at the time of her third biopsy, demonstrating a more prominent growth of the T-cell aggregates with areas of architectural effacement. 18 However, no clonal T-cell population could be demonstrated in either of her relapse biopsies by PCR and Southern blot of the TCRg and TCRb genes ( Table 5 ). Ultimately, the patient underwent allogeneic bone marrow transplant for refractory NLPHL and developed a sustained remission; however, the patient died 6 years later of an unrelated + indicates positive; À, negative; IgD, immunoglobulin D heavy chain; ND, not done; Occ, occasional; PI, proliferation index. The proportion of T cells staining positively for CD10, bcl-6, CD57, PD-1, T-bet, CD25, FOXP3, perforin, and granzyme B was quantified as follows: rare, < 10% of cells; occasional, 10% to 30% of cells; many, 30% to 50% of cells; most, >50% of cells.
*Pan-T-cell antigens tested in each case: cases 1, 2, 3, 6, and 7: CD2, CD3, CD5, CD7, and CD43; case 4: CD43; cases 5 and 11: CD3 and CD43; case 8: CD3 and CD5; case 9: CD2, CD3, CD5, and CD7; case 10: CD2, CD3, CD5, and CD43.
wDetermined by flow cytometry and immunohistochemistry in cases 8 and 10, by flow cytometry alone in case 9, and by immunohistochemistry alone in all other cases tested. zA small subset of LP cells showed weak staining for CD30 in these cases, but LP cells were strongly CD20 + and positive for bcl-6, OCT2, and BOB.1. yPerformed on the patient's second lymph node biopsy showing relapsed disease.
cause. Although it is not possible to exclude the diagnosis of PTCL-NOS in this case, the clinical and molecular genetic features are consistent with an unusual reactive Tcell proliferation. Knowledge that rare cases of NLPHL may contain significant numbers of atypical T cells should prompt pathologists to maintain a high threshold for making the diagnosis of composite NLPHL and PTCL-NOS, particularly in younger patients in whom PTCL-NOS is uncommon, and to rely on a combination of morphologic, immunophenotypic, and molecular genetic evidence to render such a diagnosis. 2, 11 Various interactions between the neoplastic cells in Hodgkin lymphoma and the tumor microenvironment have been described and are thought to play an important role in the pathogenesis of this neoplasm and in fostering immune privilege of the neoplastic cells. 1, 3, 14, 21, 39 Moreover, T cells in NLPHL have previously been shown to have a distinct activation profile by immunohistochemistry, flow cytometry, and gene expression profiling, particularly in cases containing T-cell-rich diffuse areas. 3, 22, 32 In an attempt to delineate more clearly the nature of the atypical T cells in this unusual variant of NLPHL, we performed extensive immunohistochemical analysis (Table 4 ). These studies failed to reveal a consistent immunophenotype among the atypical T cells, with only rare-to-occasional cells demonstrating positivity for germinal center, T-regulatory, cytotoxic, or Th1related antigens in most cases. Although follicular T-helper cells are increased within the B-cell-rich nodules of NLPHL, 24, 26 the atypical parafollicular and interfollicular T cells in these cases were generally negative or only focally positive for bcl-6, PD-1, and CD57, with the exception of case 8, in which areas of T-cell atypia were in close proximity to areas of conventional NLPHL with expanded B-cell-rich nodules. Cases also demonstrated variable CD4:CD8 and CD45RA:CD45RO ratios. These findings suggest that the morphologic appearance of T cells in these cases may reflect a heterogeneous phenomenon of T-cell activation rather than a specific T-cell immune response. Interestingly, cases of PTCL-NOS arising after a diagnosis of NLPHL have been reported, and some studies suggest an increased incidence of T-cell lymphoma after a diagnosis of NLPHL. 2, 5, 37, 44 Any relationship between cases of NLPHL with morphologically atypical T cells described here, cases of composite NLPHL and PTCL-NOS, 2,11 and cases of PTCL-NOS occurring after a diagnosis of NLPHL 2,5,37,44 remains to be determined. It is possible that these entities represent different forms of T-cell activation and proliferation in NLPHL that span a spectrum ranging from reactive atypia in some cases to overt malignancy in others.
In summary, we describe a rare and unusual clinicopathologic variant of NLPHL with morphologically atypical T cells in a growth pattern that may mimic nodal involvement by PTCL-NOS. In comparison with NLPHL patients lacking atypical T cells, affected patients are younger, with frequent cervical lymph node involvement. NLPHL patients with morphologically atypical T cells have a similar clinical presentation to conventional NLPHL with localized lymphadenopathy. Clinical follow-up was limited in this small series but suggests a prognosis analogous to that of NLPHL containing T-cellrich diffuse areas, with an increased risk of recurrence but no difference in overall survival. Awareness of the distinct clinicopathologic features of this rare NLPHL variant is important in avoiding a misdiagnosis of concomitant PTCL-NOS and in suggesting the correct diagnosis of NLPHL with morphologically atypical T cells when this growth pattern predominates. Further studies are needed to determine the factors that drive the atypical T-cell proliferation and to confirm its impact on prognosis.
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